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To Robert and Knute





FOREWORD

by Russell Dahl, PhD

As scientists, we spend a considerable amount of energy in the search for singular theories or hypotheses that can explain multiple observed phenomena. What we desire are logical concepts that have the ability to tie together many seemingly disparate observations in a tidy package. We can think of this as a unified theory. The universal governing rules that are uncovered in these discoveries have led to some of the most significant milestones in our scientific understanding.

Consider for a moment the huge leaps in scientific understanding that we have gained from some of these unifying theories. For instance, the theory of evolution gave us answers for such fundamental questions as causes of species extinction, origins of biodiversity, and how organisms adapt, all while providing a framework for the origin of life and how our Earth came to be populated. Likewise, gene theory gave us a toolbox with which to explain heredity, traits, and a means for rationalizing the origins of many diseases. Quantum mechanics gave us rules-based methods for understanding the nature of light, colors, shadows, and, ultimately, the composition of matter itself. The medical research community is on a constant search for unifying theories that can be applied to the causes of disease. In this book, Brunde Broady lays the groundwork for a compelling theory about the causes of disease, while providing ample evidence from the primary scientific literature that Calcium ATPase is a major determinant of human health and wellness.

I first met Brunde in the context of my work studying relationships between intracellular calcium disturbances and disease. Early on in our discussions, I recognized a mutual appreciation for the potential of calcium handling in human health and disease pathogenesis. We both share a common familiarity with the seminal studies in the field that have provided compelling evidence for the importance of Calcium ATPase. I was immediately impressed by her voluminous and almost encyclopedic knowledge of Calcium ATPase, specifically in its relationship with health matters. She has the unique ability to have high-level scientific discussions in one instance, and then easily shift to convey these complex concepts to the lay public. This contributes to the importance that this book will have in raising the visibility of this important area.

I have spent the majority of my career studying the various proteins responsible for calcium ion handling in our cells, with a focus on figuring out how to modulate them with small molecules. The ultimate goal is to develop therapies for various diseases. I have focused on a specific calcium pump, called the Sarco/Endoplasmic Reticulum Calcium ATPase, SERCA for short. I worked on this protein first as the leader of small molecule research at Celladon, where our major clinical program focused on a gene therapy product that actually delivered SERCA to failing human hearts. I subsequently founded a company, Neurodon, to continue our important work on developing therapeutics that modulate this important enzyme fundamental to intracellular calcium homeostasis.

Over the last decade, we have established a pipeline of molecules that target the activation of SERCA. Using these compounds, we have been able to establish critical links between compromised or insufficient Calcium ATPase activity and diseases as diverse as Alzheimer’s disease, diabetes, Parkinson’s disease, muscular dystrophy, and others. We have demonstrated that the activation of Calcium ATPase in animal models of these diseases can reverse or halt disease progression, and we have long realized that Calcium ATPase is a special biological target with immense potential for therapeutic intervention.

Needless to say, I was elated to read this book by a fellow Calcium ATPase evangelist, and I am confident that Brunde’s book will be integral in helping to publicize the importance of this enzyme and how it can help patients and the public at large. Our discussions and the insight contained in this work have led to many productive initiatives that have served to push forward my lab’s research in this area.

A key takeaway of this book is that Calcium ATPase is an exquisite barometer of human health. This represents an example of the grand unifying concepts that I alluded to earlier and, as such, has the potential to greatly advance our understanding of human health and disease. What is also significant is that Brunde has been able to convincingly present Calcium ATPase function in a manner that highlights its potential to maintain or restore health. This extensively researched volume provides readers a detailed compendium of information. Our findings in the lab completely back up the notion that Calcium ATPase is a linchpin of cellular health.

The fact that the basis for this work is the primary, peer-reviewed literature from prominent scientists in the field makes this book stand out from many of the health and wellness books available today.

As a scientist with over two decades of independent research experience, I have found The Calcium Connection to be valuable in advancing my own knowledge of Calcium ATPase outside of my particular area of expertise. I look forward to this book inspiring a revolution in terms of our thinking about the origins of disease, and I am excited with the prospect that this important work will help the public at large be aware of this important biological target.

Russell Dahl, PhD

CEO and scientific founder of Neurodon

Crown Point, Indiana





PREFACE

Brunde’s Story

The birth of my understanding of Calcium ATPase began with another birth, one packed with the depth of love only a mother can know. Hours after my son, Knute, was born, I was in my hospital room breastfeeding when the nurse came in. Knute had fallen asleep, as peaceful as an angel. But as the nurse adjusted the blankets, a look of concern crossed her face.

“He’s fallen asleep,” she said, as if I’d done something wrong.

“I know.” How could anything be sweeter, more perfect, than my newborn son’s sleeping face? His long, still eyelashes, his miniature fingers that lay lightly curled in a tiny fist.

“He’s turning blue,” she said and lifted him from my arms. “He’s not breathing right.”

She whisked away my son, who was only hours old, into the ICU, where I couldn’t follow. I was horrified, panic-stricken. Was he okay? Would he die? What were they doing to him? But I lay trapped in my bed, still recovering from childbirth.

Knute was kept in ICU that first week. The doctors ran scores of tests, but the only diagnosis they could come up with was sleep apnea. That explained why he stopped breathing while snuggled in my arms fast asleep. The solution was for him to wear an apnea monitor full-time, every day, every minute. When it let loose its high-pitched beep, we had to check and make sure he was still breathing. So in effect, he was never left alone for the first three years of his life. Someone, usually me, was with him every second.

At the time, I was staying with my parents in Texas while my husband looked after things at our home in New York City. I hired an amazing caregiver named Dana who immediately bonded with Knute, becoming as emotionally invested as if he were her own. I don’t know what I would have done without her in those early months. Knute was with one or the other of us every minute. When one of us slept, the other one was with him. The two of us became fine-tuned to every subtle nuance of his breathing.

While we got the sleeping and monitoring under control (minus perpetual exhaustion), his feeding was difficult. He did not swallow properly and aspirated his food, which led to pneumonia. His inflamed and narrowed airway gave way to stridor, the high-pitched wheeze of his struggling infant lungs.

At four months, Knute had a swallow test. He’d been slobbering a lot, and as a new mother, well, I didn’t know what was happening. The test was to see if his milk was going down the esophagus or, more dangerously, into the lungs. The news wasn’t good. I now needed to thicken his milk with rice cereal so it would be solid enough for Knute to swallow without going into his lungs. We also had to start administering four nebulizer treatments each day just to control the fine balance of eating and breathing.

Throughout Knute’s treatment, seeing my sweet baby boy going through all these procedures tore me up. He was infinitely vulnerable, and I was infinitely responsible for his care. I sat quietly watching him, aware of every breath, every heartbeat, knowing I would do anything to make him safe.

Over time, with the guidance of who I hoped were wise doctors, Knute stabilized. His apnea remained under control, and although we designed our lives around his sleep schedule and the apnea monitor, he ate well and grew on schedule.

Sort of.

He was always . . . droopy. It was hard to tell at that age, because babies are babies. But as he grew, he didn’t develop the core body strength he needed to hold himself upright in his stroller or the jogger—he would just droop. As a result, I carried him everywhere. At about six months, his eyelids drooped, too, especially on one side. The doctors told me it was ptosis (neuromuscular weakness of the muscles that control the eyelids), and although they weren’t concerned, I was.

Given his persistent eyelid ptosis and overall lack of core strength, he was tested for myasthenia gravis (a rare but long-term neuromuscular disease). Negative.

Knute hit his developmental milestones, but always at the end of the normal period. Again, the doctors weren’t worried. They had already taken care of the potentially life-threatening issues of sleep apnea and swallowing. “Let’s just wait and see,” they told me. “All kids progress at different rates.”

But I was his mother, and I knew something wasn’t right.

I watched him carefully. I noticed how he reacted to what I fed him. When he was around nine months, I started expanding his diet with fruit puree, yogurt, Cheerios, and other typical starter foods. Knute began to develop horrible little nodules all over his body, like mosquito bites. I took pictures, because I wanted to be able to show the doctors and maybe other people within the medical community. One doctor suggested it could be mites, so Knute received several mite treatments that consisted of covering his body in a lotion for several days—a lotion that I was unaware contained toxic pesticides.

We went through allergy testing, and everything came up negative. Knute wasn’t allergic to anything, yet after eating certain foods he broke out in nodules. And not just that, his mood changed as well, in ways only a mother can see. His asthma was triggered, his droopiness increased. I could see the connection, but why couldn’t anybody else? None of the doctors could diagnose what was happening or knew what to do about it. My sense of desperation deepened.

At this point, Knute was a year and a half old, and he’d had symptoms his entire life. Yet the medical community, for all their hard work and good intentions, had come up with no solid determination for what was wrong. Yes, we’d taken care of the most severe symptoms, but nothing was diagnosed, and most certainly nothing was cured.

All this was so tangible for me; Knute was right there, and I knew how he was reacting to certain foods. I began to do my own research. I began to document everything he ate and his reactions. I knew it wasn’t myasthenia, but I also knew his neuromuscular symptoms were similar. From there I researched rarer, congenital versions of myasthenia. The doctors I worked with didn’t even know these versions of the disease existed. His symptoms could have been signaling slow-channel syndrome, caused by too much calcium getting in the cells or perhaps it could be some type of metabolic disease, but tests turned up negative. Nothing linked up completely with all the various symptoms. I researched myasthenia and understood it was related to muscle contraction. I understood that calcium was a key component in the contraction and relaxation of muscles, but what about all the other symptoms—asthma, hives, mood swings? With little help from the medical community, I had no solutions at hand. Nothing I could grasp onto for a cure or to even mitigate my son’s symptoms.

Our home in New York City is a one-bedroom apartment, twenty-one floors up, with a sprawling veranda. While there was no room inside the apartment for my ever-increasing stack of research papers and files, we did have a garden shed on the veranda. My husband and I cleared room in the shed for a desk, and I set up my office. In the winter I was freezing, and in the summer I sweated and swatted at flies. But I had a space to clear my head, organize my thoughts, and dig deeper into my son’s health mystery.

I continued to try and understand what was triggering his symptoms. Through Google searches, I found a group of concerned parents both in the United States (the Feingold Association) and in Australia (the Food Intolerance Network) who had made a connection between their children’s behavior and food additives, specifically food dyes and additives. Several of the symptoms referenced were the same as Knute’s, but I was still stumped over why. Why were asthma and hives and ptosis all present? What was the underlying mechanism? Myasthenia and slow-channel both pointed to calcium, so I thought, why not? It’s as good a tip to follow as any.

The Australian group had been interested in BHA and BHT, two ubiquitous food additives. On a hunch, I wondered if these could be related to intracellular calcium. I searched on PubMed and learned that these additives had a negative impact Calcium ATPase, a fundamental regulator of intracellular calcium. My first real clue was that everything Knute reacted to was a Calcium ATPase inhibitor.

Progress.

But if calcium is related to muscles, then how did the allergic reactions fit in? And mood changes weren’t muscular. I could see the pieces, but no matter which way I turned them, they wouldn’t click together.

That is, until I understood mast cells, a type of white blood cell. Reduced Calcium ATPase levels in these cells trigger mast cell degranulation, prompting the release of histamine and leukotrienes—the inflammatory factors that cause the allergic response of welts and asthma.

Another piece clicked together.

I then backed into an understanding that intracellular calcium levels in neuron cells determine the release of neurotransmitters. Neurotransmitters are chemicals in the brain, such as dopamine, serotonin, and acetylcholine, that affect a wide range of physiological processes including digestion and behavior. This could explain my observations regarding Knute’s mood changes.

Despite their superficial diversity, every one of Knute’s symptoms linked back to intracellular calcium levels. Maybe I wasn’t insane after all.

All kinds of factors contribute to inhibiting Calcium ATPase: natural, seemingly healthy foods (such as organic cookies with aluminum-based baking powder), a plethora of food additives and dyes, pesticides, off gasses, and many more. I thought back over the last couple of years and realized that I hadn’t paid any mind to those kinds of things. I hadn’t been providing organic, additive-free food. We had a flea problem that we treated with pesticide bombs. We had our wooden floors refinished, which gave off fumes for weeks. Bathrooms were cleaned with bleach-based cleaners, and our older house did not have much ventilation. From there, I decided to cut back on everything that inhibited the enzyme Calcium ATPase (which I go into in great detail in Section Three). I couldn’t test his levels of Calcium ATPase, but I could assess them based on his symptoms.

When I cut out exposure to the inhibitors, he got better. It was as simple, and complex, as that. Though now everyone thought I was nuts again, because I was so adamant about what he could and couldn’t eat. My well-meaning sister would give him colored popsicles along with her children, and my parents could not resist stopping at McDonalds for chicken nuggets (with tons of chemical additives) or a sausage biscuit (the worst on any level). It took many such instances to convince them of the connection between food bumps, asthma, and, most disturbingly, his mood. Finally, they got it. It was quite a job packing simple foods for our annual trip to the beach on a small island that had no organic food. I would take a cooler of clean foods and cook for him. It was not easy. A little boy wants to eat all of the same hotdogs, ice cream treats, and cotton candy as everyone else. School lunches provided another challenge. Knute was the only child in the school who was allowed to bring his own lunch. (Thank goodness the school allowed this, even though it was not due to typical food allergies such as peanuts.) In all of these situations, I eventually learned that from time to time he could splurge on an “off” food. These instances took some pressure off, and that helped.

Today, I believe that Knute’s body had a tough time with calcium regulation, so any outside factor that inhibited his already weakened facility resulted in symptoms. As you will soon learn, calcium regulation is complicated. Knute’s sensitivity to Calcium ATPase inhibitors does not directly indicate that he has reduced Calcium ATPase levels. (In fact, there are specific genetic diseases such as Darier’s disease, which is related to reduced level Calcium ATPase in the skin, as well as rare muscle diseases. However, these diseases do not manifest in the wide range of Knute’s symptoms.) I may not have a definitive answer in terms of what caused his sensitivity to Calcium ATPase inhibitors, and quite frankly I do not care. What mattered to me (and what still does) is that I was able to significantly improve his health and thus his quality of life. And by the age of five, my sweet son was conversant in intracellular calcium regulation!

Although I had gained an understanding and awareness of Knute’s condition, attending doctors and other health professionals just stared back glassy-eyed when I told them about my discoveries. So I gave up on sharing my findings. Instead, I kept learning. The papers in my garden shed piled higher as I realized that intracellular calcium regulation was a primary factor in heart disease, obesity, prenatal and early childhood development, and even in the rate of recovery after athletic exertion.

Today, Knute is a healthy, thriving young man. His health problems are largely behind him, and he enthusiastically pursues his academic passions through specialized science research programs and is majoring in mechanical engineering at a top academic institution. He has come to self-modulate his food choices and has learned from experience to avoid his “off foods,” especially during particularly important periods such as exam time, when he diligently sticks to a completely clean diet. He cannot afford to be off. It affects his mood, his performance, and his skin.

Knute will never be an athlete, but his early childhood experiences have left him with a depth of empathy that continues to astound me. He knows things go wrong in life, and that not everyone is born with the same set of skills; that you certainly can’t blame someone for not trying hard enough if their physiology simply doesn’t allow for certain outcomes, whether it be playing on the school football team or chess club. He’s able to see other people with a clarity and compassion I can only one day hope to achieve. This entire journey, and the help I hope to provide other people, is solely because of him.

AN OVERVIEW OF WHAT’S AHEAD


• The first section lays a foundation for the rest of the book by providing a basic understanding of what Calcium ATPase is, and how it works.

• The second section contains a considerable amount of science concerning the role of Calcium ATPase in the body, specifically on how it relates to numerous chronic diseases, such as cancer, heart disease, Alzheimer’s, and diabetes. You do not have to read about every disease state to benefit from this book. Feel free to focus on the concerns that matter to you. I have also included a summary at the end of each chapter—there is a lot of new information to process!

• The third section outlines toxins that inhibit Calcium ATPase. It’s quite information-dense; I felt committed to include this detail in order to make a definite and indisputable case for the impact our environment has on Calcium ATPase. However, if you are pressed for time or feel like you already know the fundamentals about toxins, I have included a chart at the beginning of each chapter that summarizes each toxin and its relationship to Calcium ATPase.

• The fourth section details the Calcium ATPase Max Plan (CAMP) protocol. This is where things get exciting! I will lay out concrete actions you can take to support your Calcium ATPase levels. It includes a special section written specifically for parents and provides guidance to how best to navigate a child’s Calcium ATPase levels.
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SECTION 
1
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What Is Calcium ATPase?
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In this section, I will give you an introduction to Calcium ATPase and what to expect in the pages to follow. A roadmap, so to speak, as to how to approach this book. (Hint: You can focus on the sections that are applicable to you or your family.) I will then go into more detail about how Calcium ATPase works. This is the place to start before you peruse the chapters ahead.
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CHAPTER ONE
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WHAT’S THE BIG DEAL ABOUT CALCIUM ATPASE?

So what is the big deal about Calcium ATPase? Here’s the short and snappy version: Calcium ATPase is the key mechanism that prevents calcium imbalance within our cells. When calcium levels remain too high for an extended period of time, problems occur. Calcium within our cells is separate from calcium in our teeth and bones—don’t worry, I will explain all of this in the next chapter. But what I want to get across to you right away is that reduced Calcium ATPase levels are associated with many chronic diseases, including:

Obesity


• Calcium ATPase is responsible for approximately 40% of calories burned by your muscles and approximately 12–15% of total calories burned.

• Thyroid hormone stimulates Calcium ATPase, which is the reason it increases metabolism.

• Low levels of Calcium ATPase increase fat storage and reduce fat burning through its impact on fatty acid synthase and lipolysis. Studies show that there is an inverse relationship between Calcium ATPase and Body Mass Index (BMI). The fatter you are, the lower your Calcium ATPase levels.



Diabetes


• Calcium ATPase is critical to the production of insulin by the pancreas. When Calcium ATPase levels are low, pancreatic cells are damaged and less insulin is produced.

• High blood sugar associated with diabetes in turn reduces Calcium ATPase levels throughout the body. This reduction in Calcium ATPase is the primary driver of diabetes-related diseases, including heart disease, high blood pressure, eye damage, and nerve damage.



Cancer


• Calcium ATPase has an impact on the growth and differentiation of cancer cells, contributing to cancer’s progression.

• Reduced Calcium ATPase is directly associated with breast, lung, colon, thyroid, skin, and blood cancers.



Blood Pressure


• Studies show that high blood pressure is associated with reduced Calcium ATPase levels. Reduced Calcium ATPase makes it harder for the arteries to relax. This results in constriction or narrowing of arteries, which leads to high blood pressure.



Heart Failure


• Heart failure occurs when the heart does not pump sufficiently and inadequate oxygen and nutrients are delivered to the cells. Calcium ATPase plays a key role in the ability of the heart to pump. Reduced Calcium ATPase is a hallmark of heart failure.



Atrial Fibrillation (AFib)


• Reduced Calcium ATPase in the heart is associated with AFib—which is the most common type of heart arrhythmia that occurs when the heart beats out of rhythm. This leads to increased risk of heart attack and stroke.



Blood Clots


• Calcium ATPase, through its stimulation by nitric oxide—a substance the body releases in response to platelet aggregation—is the primary mechanism through which platelet aggregation is reduced and the likelihood of blood clots goes down.



Brain Function


• Adequate Calcium ATPase is necessary in the brain to prevent excessive intracellular calcium levels. Excessive intracellular calcium levels can have a detrimental effect on many brain processes.

• Reduced Calcium ATPase levels and calcium dysregulation are known endpoints in Alzheimer’s disease.

• Calcium ATPase plays an important role during neurodevelopment.



Inflammation


• When Calcium ATPase is reduced, mast cells release inflammatory substances. The substances released by mast cells are associated with numerous inflammatory conditions, including irritable bowel, arthritis, and other chronic conditions, including diabetes and cardiovascular disease.

• Reduced Calcium ATPase results in the magnification of a normal allergic response to a set trigger.



IF CALCIUM ATPASE IS SO IMPORTANT, WHY HAVEN’T I HEARD OF IT BEFORE?

Calcium ATPase was discovered in 1961, which seems like a long time ago, but in the scientific research arena, it’s a relatively brief span of time. Over the last fifty-plus years, a tremendous body of research has been accumulating, including over 24,000 articles published in the scientific literature concerning Calcium ATPase. However, although researchers have been investigating Calcium ATPase and the enormous impact it has on our well-being, the results have not been widely shared, residing in individual silos of knowledge specific to their areas of expertise.

By its nature, scientific research is as much art as science. There is not one master planner directing the process from above. Rather, thousands of scientists are each focused on a tiny piece of the puzzle that is the human body in all areas of science, including Calcium ATPase. This is an essential part of the process of discovery—without intense focus in particular areas, there would be no data for grand conclusions. The downside, however, is that sometimes it takes longer to reach important connections.

Current research falls under three umbrellas:


1. Calcium ATPase and disease

2. Toxins and other substances that reduce Calcium ATPase

3. Molecules, nutrients, or gene therapy that increase Calcium ATPase levels



The goal of this book is to synthesize the research from all three areas so that you have the knowledge to make the best health choices possible for you and your family.
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CHAPTER TWO
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HOW CALCIUM ATPASE WORKS

When most people think of calcium, they think of dairy products, healthy bones, and osteoporosis, which is the gradual weakening of bones through the loss of calcium that tends to happen with age. While all of these popular associations with calcium are correct, they only scratch the surface. In fact, calcium is an integral component of the estimated one billion cellular chemical reactions that occur in all 37 trillion cells within your body . . . every single second.

Throughout this book, we will delve into the science of intracellular calcium, looking closely as if through a microscope. But first, to give you a better idea of what our subject matter is all about, let’s get a bird’s-eye view of intracellular calcium’s function in day-to-day life.

Let’s say you’ve finished the day’s to-do list, settled into your favorite chair, and picked up this book to read. Without even looking, you reach up with your hand and arm to switch on the reading lamp. Turning your gaze and attention to the book cradled in your hand, you use your thumb and fingers to open to this page and begin to read. Now let’s briefly describe this scene from the perspective of calcium’s role and its regulation.

To make the mental decision that you have time to read this book, calcium levels rise at the terminal end of nerves in your brain, releasing neurotransmitters that trigger your excellent choice. Sitting down utilizes calcium in the motor nerves to transmit the signal from the brain to the quadriceps muscles on the front of your thighs to contract and slowly lower you into the chair. Once you’ve settled in, the signal stops and the quads relax. At the same time the quads are working, other signals are sent to the abdominal muscles and the hip flexor muscles, causing them to contract so you can bend forward at the waist and into a sitting position. Simultaneously, the muscles in the back of your legs, your hips, and your back are relaxing to allow the movement to take place. All this happens while the biceps muscles in your upper arm keeps your elbow bent and flexor muscles in your hand keep the book held out in front of your chest. While still settling in, you decide a little more light would be better for reading. You reach up and over to the lamp by contracting the triceps muscles on the back of your arm along with some additional muscles in your back, while simultaneously relaxing the bicep muscle on the front of the arm and the pectoralis muscle on the front of your chest. You finish by closing your fingers around the knob and twisting the switch to the “on” position. All without glancing up.

As you open the book and start reading, tiny muscle contractions and relaxations are occurring continuously in the irises of both eyes to allow just the right amount of light to reach photoreceptor cells at the back of the eye. These cells utilize calcium and calcium regulators to send signals to the brain, which in turn utilizes even more calcium to process and learn the information in this book and think, “Wow, this is cool!”

Each of these physiological events is made possible by rising and lowering levels of calcium in your brain and nervous system, as well as rising and lowering levels of calcium in your muscles.

And there’s so much more. For the entire time you’ve been reading, your heart has been beating, using tightly controlled increases and reductions in calcium levels to keep a steady pace of contractions and relaxations at about one beat or so per second. You notice the pot roast you put in the slow cooker earlier this morning is beginning to smell delicious because calcium has entered smell sensory cells. Your mouth even waters a bit when calcium triggers the production and release of digestive enzymes into your saliva.

A complete description of all that happens in our body in one minute, and how much of it depends on regulating the amount of calcium going into and out of cells, could fill a library—but that’s not our goal. Instead, this is a quick glimpse at the marvelous inner workings of these bodies we call home in the context of intracellular calcium.

CALCIUM AND CALCIUM ATPASE

Next, let’s consider what calcium actually is. Calcium is a chemical element, represented by the periodic table symbol Ca. It is an alkaline earth metal and the fifth most abundant element in the Earth’s crust. As the ion Ca2+, it is also the fifth most abundant dissolved ion in seawater. Calcium is one of the basic ingredients with which the world is made, us included. In fact, calcium is the most abundant mineral in the entire human body, comprising about 1.5% of body weight, or 2.25 pounds in an average adult. A little over 99% of that total calcium weight resides in the bones and teeth. Our bodies combine calcium with other materials to make these structures both strong and resilient.

The other 1%, approximately one quarter of one ounce of calcium (about one-and-a half teaspoons), is not used in these hard structures. Referred to as free calcium by biologists, this calcium is not bound to anything and resides in the cells and bloodstream. The body uses this quarter ounce of free calcium to perform a wide variety of functions and chemical reactions. Though seemingly insignificant in quantity compared to the over two pounds found in our bones and teeth, it is still equivalent to 164,200,000,000,000, 000,000,000,000 calcium ions (give or take a few). We are talking about a lot of really tiny stuff here.

Calcium ions play an essential role in a significant percentage of intracellular chemical reactions. The abilities to deliver calcium where it’s needed and to remove it where it’s not are critical functions, and our bodies have developed sophisticated ways to accomplish these tasks. The primary way is via an enzyme called Calcium ATPase (enzymes are proteins that act as catalysts to help initiate or speed up a chemical reaction, such as regulating the optimal levels of intracellular calcium).

Let’s start with expanding on the calcium enzyme itself, Calcium ATPase.


• Calcium, we understand.

• ATP is another beast altogether: Adenosine Triphosphate (ATP) temporarily stores and transports chemical energy inside cells. It is produced by various cellular processes, most predominately in mitochondria. Think of it as little nuggets of energy.

• “ase” is a suffix denoting an enzyme. Most enzyme names end with it, and it indicates an action on the substrate in the name. Calcium ATPase, therefore, is an enzyme that moves calcium ions and requires energy (ATP) to perform the task.



INTRACELLULAR CALCIUM: THE NUTS AND BOLTS

Intracellular calcium is likely a new concept for you, so we’ll start with the basics of what it is and how it functions.

Very simply, intracellular calcium is the calcium inside the cell’s cytoplasm, which is the fluid that fills the inside of a cell. Every single cell in our body contains calcium, along with several other mineral ions and specialized structures such as organelles, mitochondria, and the nucleus (remember these terms from high school biology?). Without calcium and its proper function, the cell, and therefore you, could not exist.

While the presence of calcium is important, it’s just as vital that you have the right amount of calcium inside your cells at any given moment. How much calcium each cell contains is finely calibrated according to need. The body maintains a very low amount of calcium inside the cell when it wants that cell to rest. When the body wants the cell to work, the nervous system signals the cell membrane to allow more calcium into the cytoplasm. To make the work happen quickly once the signal is received, our bodies maintain a very high concentration of calcium in the area outside the cells. This is called extracellular calcium. The ratio of extracellular to intracellular calcium ranges from 20,000:1 to 100,000:1. This immense pressure difference makes it easy to get lots of calcium into the cell when needed, like the pressure behind a water spigot when it’s closed.

RISING CALCIUM LEVELS: A CALL TO ACTION

As we discussed above, when the body wants something to happen, it sends a signal to the cell to open the spigots that let calcium flow into the cytoplasm. This rise in intracellular calcium acts as a switch to initiate a particular function. Some examples of the actions intracellular calcium initiates are:


• In muscle cells, a rise in intracellular calcium triggers muscle contraction.

• In cardiac cells, a rise in intracellular calcium triggers the heart to beat.

• In neuronal cells, a rise in intracellular calcium triggers neurotransmitter release.

• In mast cells (a type of white blood cell), a rise in intracellular calcium triggers histamine release.



The spigots that allow calcium into the cell are transmembrane proteins called calcium channels. They open to allow calcium to flow into the cell when a signal, the stimulus, is received from the body. Some types of these calcium channels open by an electrical signal, others by a neurotransmitter molecule, and others when a hormone attaches. All of them close to stop the flow of calcium into the cells as soon as the signal stops.

Because these events and tasks need to be tightly controlled, our cells also have internal storage compartments to hold calcium. There is active coordination between how much calcium is released from these internal stores versus how much comes in from outside the cell. The technical term for these storage compartments is vesicle. The vesicles that store calcium are found in the endoplasmic reticulum, an organelle found in every cell in the body. (In addition to releasing calcium into the cytoplasm when signaled, the endoplasmic reticulum performs other calcium-triggered work such as insulin production.) In muscle cells, the additional storage compartments are found in the sarcoplasmic reticulum.

Here’s a more nuanced layout of the process:


1. The body sends a signal to the cell to perform a task.

2. The signal causes calcium channels to open, and intracellular calcium levels rise.

3. The increased calcium causes the endoplasmic reticulum or sarcoplasmic reticulum to release its calcium stores.

4. Calcium levels rise to a certain level, and the cell completes the task.

5. The signals are removed, and calcium stops flowing into the cell.



LOWERING CALCIUM LEVELS: BACK TO BASELINE

Intracellular calcium is lowered back to baseline in four ways. The primary way is through sarco/endoplasmic reticulum Calcium ATPase (SERCA) and its transport of calcium ions into storage compartments within the cell. Two additional mechanisms to modulate intracellular calcium homeostasis are through the plasma membrane Calcium ATPase and the sodium-calcium exchanger, both of which transport calcium ions from the cytoplasm to the extracellular space outside of the cells. A fourth mechanism is the mitochondrial calcium transporter, whereby mitochondria take up calcium in small amounts to buffer the cell from excessive intracellular calcium levels. To further complicate matters, there is cross talk that occurs between all of these calcium regulation mechanisms! These latter three means are each worthy of careful attention and are the subject of considerable research as well, but the SERCA pathway will be my primary focus for this book.

Calcium ATPase is a sophisticated mechanism for returning elevated levels of intracellular calcium back to baseline levels, without which we would not be able to perform the relaxation phase of the contraction/relaxation cycle of any cell. In other words, if you shook hands with someone, you would never be able to release your grip without Calcium ATPase. Calcium ATPase performs one particular job: pumping the calcium released from the sarco/endoplasmic reticulum during the stimulus phase back to where it came from. In doing so, Calcium ATPase reduces intracellular calcium levels within the cell and ensures that adequate calcium is stored and available for the next stimulus. The level of calcium that is stored in the sarco/endoplasmic reticulum also plays a role in other important cell functions, such as insulin production, and cell growth and differentiation.
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